A reduction of male parental care has been considered as an important cost of breeding for female birds mated with already-mated males (VERNER 1964 , ORIANS 1969 , YASUKAWA & SEARCY 1981 , SEARCY & YASUKAWA 1989 . In the Great Reed Warbler Acrocephalus arundinaceus, reductions of paternal feeding to the secondary nests are reported from some populations in Europe and Japan (DYRCZ 1986 , URANO 1990b , BENSCH & HASSELQUIST 1994 . However, whether this potential cost resulted in frequent starvation of nestlings or not differed between populations (EZAKI & URANO 1995) .
In a previous paper (URANO 1990b), I compared some aspects of breeding behaviour/ecology and climate conditions in a Great Reed Warbler population at Kahokugata, central Japan, with a population at Milicz, Poland (DYRCZ 1977 , 1981 , 1986 where the climate is cooler than that in Kahokugata. Reduced paternal feeding resulted in more frequent starvation in secondary broods than in primary or monogamous broods in Milicz, but this was not the case in Kahokugata. Two factors, climate and the extent of overlap of nestling periods between harem mates, appear to affect the occurrence of starvation in secondary broods.
In the Milicz population, a higher rate of brooding due to the cool climate appears to reduce feeding frequency by females, and also raises the marginal value of male feeding. In contrast, in the Kahokugata population, the warm climate reduces female brooding and lowers the marginal value of male feeding. In addition, the overlap of the nestling periods reduces a polygynous male's feeding of his second-hatched brood. As the overlap is large in Europe, it should induce frequent starvation of nestlings in the second-hatched broods there. Even in the Kahokugata population, the marginal value of male feeding increases on rainy or cool days. Under such conditions, little or no overlap of the nestling periods enables a polygynous male to feed nestlings of consecutive broods and so benefit both females (URANO 1990b) .
According to this hypothesis, in a Great Reed Warbler population in northern Japan, where the climate is cooler than Kahokugata, the marginal value of male feeding should be higher. To reduce the probability of nestling starvation under such conditions, females are therefore likely to prefer mating with unmated males rather than already-mated males. Alternatively if a female does mate with an already-mated male, the nesting cycles of the two females should show little overlap.
In this paper I describe the frequency of polygyny, female settling pattern, parental behaviour and the mortality and growth of eggs/nestlings and discuss the effect of temperature on these aspects of breeding in a population of Great Reed Warblers in northern Japan.
STUDY AREA AND METHODS
The field study was conducted during the breeding seasons (late May to early August) of 1989 and 1990 in Aomori Prefecture, the northernmost part of the island of Honshu. The study site at Takasegawa (40*45'N, 141*17'E, near sea level) is about four degrees higher than Kahokugata in latitude. Ambient temperatures, which were recorded 2km west of the study site, were lower in 1989 than 1990 ( Fig. 1) : the mean of the daily mean temperatures in the ealry half of June were 15.1* in 1989 compared with 19.1* in 1990, those in the latter half of June were 14.5* and 18.6 * , respectively, and in the early half of July 16.8* and 18.5*. After the first week of July, daily mean temperature did not fall below 15* and after this time there were no differences in the temperature between the two years ( Fig. 1) The study site at Takasegawa was a riverside marsh in the lower reaches of the River Takase. The width of the river, the distance between the dykes on both sides, was 100m. Riverside reed beds, dominated by Phragmites australis, 5-30m in width occur along the dykes on both sides. In submerged parts of the reed beds, other weeds such as Manchurian wildrice Zizania latifolia, cat-tails Typha latifolia, rushes Juncus sp., sedges Carex sp. and horsetails Equisetum sp. also occur. In the reed beds, trees of willows Salix sp., alders Alnus sp., walnuts Juglans sp. and silk flowers Albizzia sp. were also scattered. The area surrounding the study site consisted of paddy fields and some woodland. The study area was divided into two sections. Area A included the reed beds on the both sides of the river. The lengths, measured along the dykes were 740m on the left and 660m on the right banks. The upriver half of area A was not usually submerged during the study. Area B consisted of non-submerged reed beds, 400m length along the left bank, and began 350m upriver of area A. On the left bank of the river, there were no Great Reed Warbler territories in the area separating areas A and B. In area A, some individuals of both sexes moved between each side of river, both within and between seasons, but no individuals were observed to move between the two areas. In 1990, a large part of the reed beds in area B was artificially burned at the end of May. Consequently, the data from area B in 1990 were excluded from the analyses with respect to male mating status and females settlement.
A total of 66 birds (43 males and 23 females) were captured in mist nets and individually colour-ringed. Observations of individual behaviour were made from the dyke or a brige with the aid of binoculars (8x) and a telescope (25-50x) for 3-10 hours per day on 3-6 days each week. A total of 43 nests (22 in 1989 and 21 in 1990) , which contained at least one egg, were found . Nest contents were inspected at 2-4 day intervals until the young fledged or the nest failed.
I observed parental behaviour (food delivery rates of both sexes and female brooding time) at the nest directly or recorded it by using portable video camera systems during the daytime (09:00-18:00). A total of 190.6 hours of observation were made at nests containing five young (there was no significant difference in clutch size between mating status categories, and five was the most common clutch size in this population). The duration of one period of nest watch was 2.0-8.0 hours (mean=5.8, n=33). The ages of the nestlings were divided into three Eiichiro URANO [Jap.J.Ornithol.Vol. 44 No. 3 nestling stages: early (Days 2-4: the date of hatching of the first nestling in each brood was defined as Day 0), mid (Days 5-7), and late (Days 8-10). Each nest was observed once each nestling stage. The ambient temperature was recorded at 09:00, 12:00, 15:00, and 18:00h each day. I estimated the mean temperature during the nest watch by averaging the temperatures recorded during the period from one hour before the start to one hour after the end of each nest watch.
To express the extent of staggering of nesting cycles between the primary and secondary broods, the interval of hatching dates between them is used. Greater staggering means less overlap of nesting cycles. As the nestling period usually continues for 11-12 days (DRANO 1990b) then cases of staggering greater than 12 days mean that the nestling periods do not overlap.
The following four measures are used as indices of female breeding success or cost (cf. URANO 1990b, 1992): (i) the incidence of partial brood loss at the nestling stage until Day 9 (as a measure of nestling starvation),
(ii) the brood mean body weight of nestlings on Day 7 (as a measure of nestling growth), (iii) the incidence of nests with complete loss of eggs or nestlings (as a measure of predation), (iv) the number of nestlings which survived until Day 9 per female (as a measure of fledging success).
The status of females mated with polygynous males is defined as either primary or secondary, depending on the mating order. Since reversal of hatching order caused by nesting failure in primary nest did not occur within any polygynous group, brood status (cf. URANO 1990b) during the nestling period was consistent with mating status.
All means of variables are presented with s.d.
RESULTS

1) Frequency of polygyny
Fourteen per cent of 22 males in 1989 and 24% of 17 males in 1990 were polygynous, while the frequency of monogamous and unmated males was 64% and 23% in 1989 and 47% and 29% in 1990 , respectively (cf. Notes of Fig. 2 ). The proportions of polygynous males, particularly during 1989, were lower at this site than the values of 20-57% (mean=30%, n=8yr;URANO 1990a) from the population breeding at the warmer Kahokugata site.
2) Seasonal settling pattern of females Female settling pattern appears to be different between the years (Fig. 2) . In the cooler year of 1989, two cases of polygyny occurred in area A. Here, the two secondary females settled later in the season than any other females. All females which had settled earlier (before June 20) mated with unmated males. Furthermore, at the time the last female settled, no unmated males remained. These facts suggest that females avoided mating with already mated males early in the season. In contrast, no indication of avoidance of polygyny early in the season was observed in the warmer year of 1990.
Strong inter-female repulsion was observed. Two females settled successively in the same territory of an already-mated male (male O) in 1989 in area B. The third female of this territory settled five days after the second female. Three days after August 1995] Polygyny of Great Reed Warblers in Northen Japanthe settlement of the third female, the nest of the second female was found to be destroyed. Then, two nests were newly built in the territory probably by the second and third females. However, only one of the two females laid eggs whilst the other female disappeared. These observations suggest strong repulsion between the females within a territory in the case of large overlap of nesting cycles. The mean interval of first egg dates between primary and secondary females in 1989 (21.0±3.0 days, n=3) was longer than that in 1990 (15.5±7.8days, n=4), although the difference was not significant (MANN-WHITNEY U-test, U=3, see also Note 2 of Fig. 2) . In other words, the overlap of nesting cycles between the females within a polygynous group tended to be smaller in 1989 than 1990.
Secondary females delayed breeding in 1989: the earliest records for first egg date and hatching date for secondary females in 1989 (June 24; July 10) were 8-9 days later than those in 1990 (June 16; July 1). Due to this delay, secondary females reared nesltings during and after mid July 1989, following the end of the cold spell (Fig. 1). 3) Parental care (1) Food delivery and male share in relation to mating status The food delivery rate by polygynous males to their secondary broods was significantly lower than that of monogamous males, both in the early-and mid-nestling stages (Fig. 3, top) . However, for the combined delivery rate of both sexes, no significant difference was detected between monogamous and polygynous broods (Fig. 3, middle) . The male share of feeding by polygynous males, particularly to the secondary broods, was lower than the share by monogamous males, both in the early-and mid-nestling stages (Fig. 3, bottom) .
(2) Food delivery in relation to ambient temperature Food delivery rate by males was not affected by the ambient temperature: no significant rank correlation was detected between the food delivery and the temperature at any nestling stage (early: rs=-0.377, d.f.=13, ns, Fig. 4 , bottom; mid :rs=-0.173, d.f.=12, ns; late: rs=0.168, d.f.=5, ns).
For females also, no significant rank correlation was detected between food delivery rate and ambient temperature at any nestling stage (early: rs=0.412, d.f.=13, ns; mid: rs=-0.029, d.f.=12, ns; late: rs=-0.143,d.f.=5, ns). However, when food delivery rate by females is considered against ambient temperature in the early-nestling stage, the expression Y=1.71*(1-exp(-0.59*(X-13.04))), where Y means food delivery rate (/hour/young) by female and X means the ambient temperature in centigrade, explains 60.6% of the variance (Fig. 4, top ; Quasi-Newton method in SYSTAT [WILKINSON et al. 1992 ], F3,12=98.49, P<0.001). Clearly, female delivery rates were reduced during cool weather.
(3) Time for brooding
The mean time spent brooding by females for broods with five young, excluding data in rainy days, in the early-nestling stage (16.9±12.3 min/hour, n=13) was significantly longer than during the mid-nestling stage (3.5±6.4 min/hour, n=14: MANN-WHITNEY U-test, z=-2.91, P<0.005) and also the late-nestling stage (0.0 min/hour, n=9:z=-3.80, P<0.0005). There was a significant negative rank females affects whether a polygynous male feeds his secondary brood or not. I conducted nest-watches for five nests of secondary broods. The staggering between the primary and the secondary broods at hatching was 9, 14, 16, 23, and 32 days, respectively. The young of the primary broods had already fledged in all these 5 cases when I observed parental behaviour at the nest. In the three cases of smaller staggering, none of the males fed the nestlings of their secondary broods. In two of these three cases, males probably (the case of 14 days-staggering) or certainly (that of 16 days-staggering) fed the fledglings of their primary brood, although in the latter case, the primary female had disappeared at that time.
In the two cases of greater staggering, males fed the nestlings of their secondary broods. The male share of feeding to the secondary brood was 42% both in the mid-and the late-nestling stages for the male of 23 days-staggering, and the value was 33% in the early-and 25% in the late-nestling stages for the male of 32 days-staggering.
It means that, when polygynous males fed nestlings of their secondary broods, the level of their contribution was not necessarily low as compared with monogamous males (cf. Fig. 3 , bottom).
4) Mortality and growth of offspring Different male contributions to feeding nestlings may affect the occurrence of nestling starvation. However, there was no significant difference in the mean incidence of partial loss of nestlings between any two mating-status categories: 6.0±13.2% (n=21 broods) for monogamous nests, 11.7+20.4% (n=6 broods) for primary nests, and 4.0±8.9% (n=5 broods) for secondary nests (MANN-WHITNEY U-test, n.s. for all combinations). Different male contribution to feeding also did not affect the growth of nestlings. The brood mean body weight of nestling on Day 7 for secondary broods of polygyny with five nestlings (17.4±2.3g, n=4 broods) was only slightly lighter than that of monogamous (18.3±1.6g, n=6 broods) or primary broods (18.7±1.7 g, n=4 broods), which contained five nestlings, but the difference was not significant (MANN-WHITNEY U-test, n.s. for both combinations). These results mean that the reduced paternal feeding to the secondary brood of polygyny did not significantly affect starvation or nestling growth.
Total nest loss was lower (22% of 36 nests) in this population, compared with the Kahokugata population (50% of 325 nests, recaluculated from URANO 1990b). Two cases of nestling predation by the weasel Mustela itatsi were confirmed from video tape recordings, but no snakes, which had been presumed main predator in Kahokugata, were observed during the two seasons. The incidence of total nest loss was higher in secondary broods (43% of 7 nests) than in monogamous (17% of 23 nests) or primary broods (17% of 6 nests), but the difference was not significant (FISHER'S exact test, P>0.3 for both combinations).
As a result of the higher total nest loss in secondary broods, the mean number of nestlings surviving until Day 9 for secondary females (3.0±2.4, n=6) was Eiichiro URANO [Jap.J.Ornithol.Vol.44 No.3 slightly lower than that of monogamous (3.7+2.7, n=21) or primaryfemales (3. 3±2.0, n=6). The relative success of secondary females to monogamous females was 82% but the difference was not significant (MANN-WHITNEY U-test, z=-0.2, n.s.).
DISCUSSION
Male food delivery rates to secondary broods of polygyny were lower than those observed to primary or monogamous broods (Fig. 3) , this could have resulted in insufficient nourishment and higher probability of chick starvation in secondary broods. However, it was not the case.
Females can avoid nestling starvation by either delivering food to the nestlings more frequently themselves, or by obtaining additional male help in feeding young. It is easy for primary/monogamous females to obtain additional male help, but much more difficult for secondary females. Therefore, delivering food more frequently themselves is the only reliable way for secondary females. Reductions in food delivery rates by females occurred in the lowest (less than 15*) part of the range of temperatures experienced at the study site (Fig. 4) . This suggests that secondary females can deliver foods to the nestlings at higher rates when they rear young in warm conditions but not in cool conditions. Although the 1989 breeding season was cool, especially in the early period, no nestlings of secondary broods suffered temperatures below 15*, because the eggs of secondary broods hatched later in the season, after the cold spell had ended. In the 1990 breeding season, there were few days below 15* (Fig. 1) . The delayed settling of secodary females in the cool breeding season of 1989 ensured that their nestlings were reared under warmer condition and did not suffer less nourishment.
Greater staggering of the nesting cycles between females could have a benefit to secondary females, since the probability of obtaining male help increases in this situation: Although the marginal value of paternal feeding seems to be low under warm conditions, during a prolonged cold spell paternal help could greatly increase in importance.
Recent experimental studies of male-removal (LYON et al. 1987 , WOLF et al. 1988 , BART & TORNES 1989 ) and long-term empirical studies (VIROLAINEN 1984 , BENSCH 1995 have shown that the value of male assistance varies from year to year. This probably reflects year to year variation in parameters such as weather and food availability.
For example, in a Swedish population of Great Reed Warblers, a positive correlation was found between the mean temperature during a breeding season and the relative success of secondary status females to primary status females (BENSCH 1995) .
In this study, the breeding season of 1989 was cooler than that of 1990 (Fig. 1) , and so the potential cost of reduced male feeding to secondary broods should be larger in 1989. The observed female-female repulsion and avoidance of polygyny early in the season of 1989 appear to have resulted in a delayed start to breeding by secondary females as well as a larger staggering of the breeding schedule between primary and secondary females. Female settling patterns in 1989 suggest that secondary females attempted to reduce the cost of polygynous breeding in the cooler year. DYRCZ (1988) also reported that the proportion of polygynous males in a given year was greater when food abundance was higher. Females may choose their mating status in response to the expected condition (weather/food) under which they will rear young. To determine this possibility, careful analyses of year to year differences in female settling patterns as well as detailed evaluations of environmental parameters are needed.
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